The methods of polarographic analysis have been applied to the study of dilute aqueous solutions of various divalent transition metal cations coordinated to p-toluenesulfonyl glycine. Metal cations used were cadmium (II), copper (II), lead (II), mercury (II), manganese (II) and zinc (II). Six new and previously unreported compounds were prepared and studied polarographically, and their dissociation constants and coordination numbers are herein reported. Free energies of formations are also given for several of the complexes. In general, these data agree with similar data in the literature for the complexes of glycine itself.
A careful search of the literature showed that the synthesis of metal ion complexes of p-tosyl amino acids had not been reported. These p-tosyl acids are used in peptide synthesis, and the p-tosyl group masks the chemical activity of the alpha amino nitrogen of the acid. The bulk of this large p-tosyl group may cause steric hindrance, particularly in coordination compounds, and thus lead to strained bond angles and consequent decreased stability of the complexes. BROWN 1 has discussed this F-strain and its probable effects. Study of these and similar compounds may be of great significance in the field of biological chemistry and may contribute to a better understanding of the type of linkage involved in metal-protein interactions.
Provided reactions at the dropping mercury electrode are rapid and reversible, general and wellknown derivations 2 lead to the equation:
where Ei/, is the half-wave potential, n is the number of electrons involved in the reduction of the metal ion, Ki is the dissociation constant of the metal ion complex, /MX and /a are the activity coefficients of the complex and the mercury amalgam respectively, Cx and /x are the concentration at the drop and the activity coefficient of the ligand, and p is the coordination number of the metal ion; ka and k c are proportional to the square roots of the diffusion coefficients of the complex metal ions and the metal in the amalgam.
Equation (1) indicates that the half-wave potential depends on the logarithm of the dissociation constant of the metal ion complex. The more negative the half-wave potential, the smaller the value of will be and thus the more stable the complex ion. The dissociation constants can be determined from the difference between the half-wave potential of the simple (or aquate^ ion and that of the complex ion. In the case of amino acids, a term taking into account the pH dependence is also necessary. If the total ion strength is constant, the activity coefficient of the amino acid would be constant or nearly so, and as a first approximation for dilute solutions, may be taken as unity. Equation (2) may be used for computation of the stability constants of the coordination compounds:
In (2), CAH and pKa represent the concentration and dissociation constant respectively of the amino acid. The subscripts s and c refer to the simple and complex ions, and in most instances the ratio k s /k c is very nearly unity and can thus be omitted from the calculation.
The coordination number, p, can be calculated from the relationship:
Although most work concerning the determination of the stability constants of metal ion -amino acid complexes has been done potentiometrically, there are several papers in which polarographic methods have been successfully applied; KEEFER'S work 3 with the copper(II) complexes of glycine and alanine is an excellent example. The pH dependence of reactions involved in similar chelations has been demonstrated by VITCHENKO 
Experimental
The polarographic measurements reported in this paper were obtained using a Leeds and Northrup Electrochemogram, Type E, set in the undamped, galvanometer equivalent, position. A polarographic H-cell with a saturated calomel electrode was prepared according to the instructions in MEITES' book 7 . Temperature control was maintained at 25 °C.±0.2° with a large thermostatted water bath. A Beckman model 76 expanded scale pH meter was used for measuring pKg, values of the p-tosyl acids and for determining the pH values of solutions to be analyzed polarographically.
The p-toluenesulfonyl derivative of glycine was selected for the study for ease of comparison to glycine values available in the literature; the acid was obtained commercially and its melting point was used as a criterion of purity. A stock solution of the 0,1 M potassium salt of the acid was prepared using slightly less than the equivalent amount of reagent grade potassium hydroxide. Metal ions were used in the form of reagent grade nitrates; concentrations of these salts were uniformly 5.0 x 10 -4 M. All solutions could be stored with the exception of the manganese (II). The supporting electrolytes used were 0.1 M potassium chloride and 0.1 M potassium nitrate. Triton X-100 (0.002%) was used as a maximum supressor.
Procedure: Solutions at various concentrations were prepared in 50 milliliter volumetric flasks with a total ionic strength of 0.1. Oxygen free nitrogen was bubbled through the solution in the H-cell for ten minutes to remove all oxygen, and polarograms were obtained in a Nitrogen atmosphere using current ranges of five and ten microamperes. Each polarogram consisted of a forward and a reverse run; corrections were made for residual current.
The reversibility of the electrode reaction was tested for each analysis by determining the slope of the plot of log . * . versus E& e ; the analysis was discarded id-i unless a straight line was obtained with a slope equal to the theoretical value ± 5 mv. Correction for the ohmic potential (iR) drop was carried out according to the method of SCHAAP and MCKINNEY 8 .
Results
Runs were made using five different concentrations of the total p-tosyl glycinate for each of the metal cations; these were checked for reversibility, iR drop corrections were made, and the corrected results were tabulated. Table I 
Similar data were obtained for complexes of the other cations
Using data such as that in Table I and the equations presented earlier in this paper, values for the mean dissociation constant and the coordination number were obtained. These Free Energies were obtained from the data in a manner similar to that of Li and DOODY 9 who reported values of the Free Energy for copper(II) complexes of alanine and aspartic acid calculated from polarographically determined dissociation constants.
Discussion

Coordination numbers:
Coordination numbers calculated for zinc (II) and for manganese (II) agree with those presented by MONK 10 for glycine, and that for copper (II) agrees with KEEFER'S 3 value for the unsubstituted acid. Values for lead (II) are usually reported as two rather than three; mercury (II) has a coordination number of two with most organic addends rather than the four reported here. Coordination number two for cadmium(II) appears to be reasonable.
Dissociation constants:
The order of stability of the p-tosyl glycine complexes determined in this study is:
Hg > Cu > Pb > Cd > Mn > Zn .
This order differs in the position of zinc (II) from that reported by ALBERT 11 for glycine: Cu > Ni > Zn > Co > Cd > Fe > Mn > Mg .
It is interesting to note that the group II B metals exhibit an almost linear increase in stability with increasing atomic weight.
Although some of the p-tosyl complexes are less stable than the glycine analogs, it seems apparent from these data that the substitution of the bulky p-toluenesulfonyl group does not dramatically affect the stabilities of the complexes examined.
